A survey of asymptomatic children in Uganda showed Plasmodium malariae and P. falciparum parasites in 45% and 55% of microscopy-positive samples, respectively. Although 36% of microscopy-positive samples were negative by rapid diagnostic test, 75% showed P. malariae or P. ovale parasites by PCR, indicating that routine diagnostic testing misses many non-P. falciparum malarial infections.
S
ince 2000, substantial progress has been made in reducing malaria worldwide. In Uganda, malaria transmission is heterogeneous, yet 97% of all cases are attributed to P. falciparum (1) . Accordingly, detection and treatment algorithms have targeted P. falciparum over less virulent species. Inadequate attention to non-P. falciparum infections has several implications for malaria transmission. For example, gametocytemia can occur earlier (e.g., P. vivax and perhaps P. ovale) and remain undetected for longer periods because of milder clinical symptoms (e.g., P. malariae and P. ovale) than for P. falciparum infections, enabling persistent transmission of non-P. falciparum infections (2) .
In the southwestern region of Uganda, Plasmodium transmission is low and unstable. In 2004 and 2010, we conducted surveys that showed progress in decreasing P. falciparum infections in this region, although comparatively little is known about the prevalence of other species in this region (3) . To determine the comparative species prevalence by multispecies rapid diagnostic test (RDT) and blood-smear microscopy, we conducted a cross-sectional survey of 631 children <5 years of age during the low transmission season of 2014 in 3 districts in southwestern Uganda (Mbarara, Bushenyi, and Isingiro) (Figure) . These 3 districts represent a range of transmission intensities from low to high, respectively (4).
The Study
Stratified, 2-stage cluster sampling was used to select study participants. We administered questionnaires to gather information about standard knowledge, attitudes, and practices related to malaria and collected blood for testing with microscopy, RDT, and PCR (online Technical Appendix, http://wwwnc.cdc.gov/EID/article/22/8/16-0619-Techapp1.pdf). RDT was a combined P. falciparum-specific, histidine-rich protein-2 (HRP-2)/pan-Plasmodium lactate dehydrogenase (pLDH) RDT (SD Bioline Malaria Ag P.f/Pan [P. falciparum or other Plasmodium species]; Standard Diagnostics, Gyeonggi-do, South Korea). Nested PCR was performed on all RDT-or microscopy-positive samples. Predictors of malaria were selected a priori (online Technical Appendix). We surveyed 631 children with a mean age of 2.4 years ( Table 1) . Bed net coverage was high (91.6%) and met targets for 2014 (5) . Only 5 households (0.8% of children surveyed) reported use of indoor residual spraying. Of the 3 districts, Isingiro had the highest proportion of children living in the lowest wealth quartile (41.8%) and in households with thatched or leaf roofing (7.3%); this district also had the lowest consistent bed net use (85.7%) ( Table 1) .
Overall prevalence of parasitemia by microscopy was 3.5% (95% CI 1.9%-5.1%). Speciation by microscopy revealed a higher proportion of non-P. falciparum infections than P. falciparum monoinfections. Of 22 microscopy-positive samples, 9 (40.9%) were P. falciparum monoinfections, 7 (31.8%) were P. malariae monoinfections, 3 (13.6%) were P. ovale monoinfections, and 3 (13.6%) were P. falciparum/P. malariae mixed infections. Most P. malariae monoinfections occurred in Isingiro district. Sixteen (72.7%) of 22 blood-smear readings correlated directly with PCR results (online Technical Appendix Table 2 ).
Malaria parasite prevalence was 2-fold higher by RDT than by microscopy (6.7% vs. 3.5%; Table 1 ). RDT correctly identified 9 of 12 P. falciparum monoinfections and mixed infections. A comparison of the diagnostic performance of RDT and microscopy (uncorrected by PCR) indicates that agreement of results from these methods was high (>94%); however, agreement was poor in detecting non-P. falciparum infections (k = 0.15) compared with detecting overall infection (k = 0.41) and P. falciparum infection (k = 0.33) ( Table 2) . PCR detected parasite DNA in 53.7% (22/41) of RDT-positive samples; of these, 55% (12/22) correlated with the correct RDT band pattern interpretation (online Technical Appendix Table 2 ).
Approximately one third (8/22) of children with microscopy-positive cultures had negative RDT results (online Technical Appendix Table 3 ). Of these 8 discordant cases, 5 harbored PCR-confirmed P. malariae or P. ovale monoinfections; all had parasite densities <1,060/ μL (online Technical Appendix Table 2 ). Conversely, two thirds (28/42) of RDT-positive samples were negative by microscopy. Of the 28 children with RDT-positive and microscopy-negative samples, 8 (28.6%) had a malaria infection within the previous month; 4 of those had detectable parasite DNA.
Conclusions
Our findings indicate that strides in the control of P. falciparum malaria have continued in Uganda. Compared with data from 2010, P. falciparum prevalence by microscopy had a 4-and 5-fold decrease in urban and rural villages, respectively (3). Our estimates are consistent with prevalence estimates from 2009 (12%) and 2014-2015 (4%) (1, 6) .
In our study, 46% of asymptomatically infected children harbored non-P. falciparum species, particularly P. malariae, in contrast to the 1.2% non-P. falciparum species prevalence in 2009 (6) . In addition, 1 P. vivax monoinfection was detected by PCR in Isingiro, confirming the continued presence of all 4 major species in Uganda (online Technical Appendix Table 2 ) (1). Furthermore, although most P. malariae cases were from Isingiro, recent studies in other regions of Uganda (i.e., northern and eastern) have also reported a rise in non-P. falciparum infections, particularly P. malariae (7) (8) (9) .
One possible reason for the nearly equivalent prevalence of asymptomatic P. falciparum and non-P. falciparum infections is the influence of seasonal fluctuations in species prevalence; for example, P. malariae prevalence has been higher during the dry season in West Africa (10) . Another possibility is that the use of P. falciparum-based RDTs, which are advantageous because of low infrastructure costs and high prevalence of this species in Uganda, has enabled non-P. falciparum prevalence to go undetected. Alternatively, our results may represent a true shift in species prevalence. What is apparent is that pLDH/HRP-2-based RDTs may not be the most sensitive diagnostic method to determine true prevalence in the future. In our study, RDT was negative in all 3 microscopy-identified P. ovale and in 3 of 7 P. malariae monoinfections, a finding that may be in part attributable to these species' low parasite densities (range 39-1,057/µL).
Identifying P. malariae and P. ovale infections is critical because P. malariae has been associated with chronic infections that can persist for years, including a chronic nephrotic syndrome that, once established, is unresponsive to treatment (10) . Because these species have milder symptoms and lower parasite prevalence than P. falciparum, infections can remain undetected for extended periods, enabling persons to serve as reservoirs for ongoing transmission (2) . These species may transmit gametocytes more efficiently at low parasite densities; a recent study found increased P. falciparum gametocyte production in the setting of mixed P. malariae infections (11) . In our study, 30% of non-P. falciparum monoinfections harbored gametocytes. Finally, on the therapeutic side, studies have shown failure of parasite clearance after artemisinin-based combination therapy in non-P. falciparum infections, including P. malariae (2, 9, 12) . P. ovale and P. vivax also form hypnozoites in the liver, and safe treatment with a 14-day course of primaquine is necessary to clear parasitemia. Six children in our study harbored P. ovale or P. vivax infections.
From a malaria control perspective, the performance of the pLDH/HRP-2-based RDT was suboptimal in our data, indicating a need for accurate diagnostic methods aimed at detecting Plasmodium infections in this region. A diagnostic method that has been effective in resource-constrained settings is loop-mediated isothermal amplification (LAMP), which affords higher sensitivity in detecting low-level parasitemia, especially P. malariae infections that tend to exhibit lower parasite densities than P. falciparum and P. vivax (13) . In a 2013 rural Uganda study, the sensitivity of LAMP was ≈1.8-fold greater than microscopy, comparable to PCR (14) . Wide-scale application of a field-friendly technique such as LAMP might be possible in southwestern Uganda, where asymptomatic persons might have low-density malaria infections that persist during the low malaria transmission season, enabling these persons to serve as reservoirs for ongoing transmission and disease (15) . Effective methods for detecting and treating these infections are essential for controlling and eliminating malaria. 
